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Determinants of Ventricular Arrhythmias in Mildly Symptomatic
Patients With Coronary Artery Disease and Influence of Inducible Left
Ventricular Dysfunction on Arrhythmia Frequency
CYNTHIA M. TRACY, MD, FACC, JUDITH WINKLER, RCVT, ERICA BRITTAIN, PHD,
MARTIN B. LEON, MD, FACC, STEPHEN E. EPSTEIN, MD, FACe,
ROBERT O. BONOW, MD, FACC
Bethesda. Maryland
To determine the relation among ventricular arrhyth-
mias, prognostic factors and reversible ischemia in coro-
nary artery disease, 131 drug-free, minimally sympto-
matic patients were studied by radionuclide angiography
and 24 hour Holter electrocardiographic monitoring. High
grade ventricular arrhythmias (couplets, salvos of pre-
mature ventricular complexes and R on T phenomenon)
were observed in 33 patients (25%) and were related to
lower rest and exercise ejection fraction, greater number
of stenotic coronary arteries and higher prevalence of
regional wall motion abnormalities at rest (all p s; 0.1).
Among patients with subnormal rest ejection fraction,
high grade arrhythmias occurred with greater preva-
In asymptomatic or mildly symptomatic patients with coro-
nary artery disease, depressed rest ejection fraction in the
setting of three vessel disease identifies a subset of patients
at risk of death during medical therapy (1-3). The relation
among these prognostic indicators, reversible ischemia and
ventricular arrhythmias in this patient subgroup has not been
widely explored.
Since the early 1960s, attention has focused on the sig-
nificance and prognostic implications of complex ventricular
arrhythmias. The widespread use of ambulatory electrocar-
diographic monitoring provided the stimulus for multiple
early studies attempting to address this issue. In a random
sample of 30[ actively employed American men (4), iso-
lated ventricular premature complexes or significant ven-
tricular arrhythmias, or both, were found in 62.2% of the
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lence in those with reversible left ventricular dysfunction
(reduction in ejection fraction) during exercise compared
with those with a normal ejection fraction response (59
versus 23%, p < 0.05), a relation observed principally
in patients with multivessel disease.
These data indicate that in minimally symptomatic
patients with coronary artery disease, arrhythmias are
related to both extent of disease and severity of regional
and global ventricular dysfunction and are most prev-
alent in patients with ventricular dysfunction and evi-
dence of inducible ischemia, factors indicating poor long-
term prognosis during medical therapy.
(J Am Coil CardioI1987;9:483-8)
recordings, The probability of death in individuals mani-
festing 10 or more premature ventricular complexes per
1,000 complexes was [0 times greater than in those with
no arrhythmias. However, in this early study (4), as in
others, the degree of coronary artery disease, left ventricular
function or symptomatic status was not considered. More
recent studies (5-7) have suggested that ventricular arrhyth-
mias occurring in patients who have depressed left ventric-
ular function after a myocardial infarction are associated
with increased mortality in the I to 4 years of follow-up.
Previous studies (8,9) have as well demonstrated a re-
lation between the severity of ventricular arrhythmias and
both the extent of coronary artery disease and degree of left
ventricular dysfunction. However, these studies included
many patients with "progressive angina" and previous
myocardial damage of unknown duration, The question re-
mains as to whether a similar relation exists between ar-
rhythmias and the extent of coronary artery disease and
degree of left ventricular impairment in patients with mild
or no symptoms. Although ventricular arrhythmias occur
commonly in patients with left ventricular dysfunction, not
all such patients have a poor prognosis. We sought to iden-
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tify subgroups of patients with left ventricular dysfunction
in whom ventricular arrhythmias were particularly preva-
lent. This finding might help identify which patients with
impaired ventricular function and arrhythmias are at greater
risk of sudden death. We therefore studied the characteristics
of left ventricular function associated with complex ven-
tricular arrhythmias in a group of patients with asympto-
matic or mildly symptomatic coronary artery disease. We
also considered the relation of these factors to survival.
Methods
Patient selection. We studied 131 patients with coronary
artery disease between June 1976 and September 1980. There
were 115 men and 16 women, 25 to 69 years old (mean 52
years). These subjects represent a consecutive series of pa-
tients with coronary artery disease referred to the Cardiology
Branch of the National Heart, Lung, and Blood Institute
during this period who were age 69 years or younger at the
time of entry into the study and had either no symptoms or
mild stable angina pectoris while receiving medical therapy.
Patients with recent (:=;6 months) clinical myocardial in-
farction or rest angina were excluded. An ejection fraction
at rest of 40% or greater by radionuclide angiography was
chosen to define preserved left ventricular function, because
the lower limit of normal ejection fraction in our laboratory
is 45% with a reproducibility error of 4% (10). By this
criterion, 96 patients (73%) had preserved ventricular func-
tion and 35 (27%) had left ventricular dysfunction. No pa-
tient was referred because of difficulties with medical man-
agement of angina pectoris, and no patient had undergone
previous coronary artery bypass surgery.
Mild angina pectoris was defined as angina occurring
only with strenuous, rapid or prolonged exertion or pro-
ducing only slight limitation of ordinary activity (Canadian
Heart Association functional class I or II). No restrictions
were placed on medications (antianginal or antiarrhythmic)
administered between visits, which were determined jointly
by ourselves and the referring physicians. Patients with left
main coronary artery disease were excluded from the study,
because these patients were referred for bypass surgery when
identified. Patients were followed up for a mean of 44 months.
Coronary arteriography. Coronary arteriograms were
obtained in multiple left anterior oblique and right anterior
oblique projections. Coronary artery stenosis was defined
as a 50% or greater reduction in luminal diameter. Forty-
one patients (31%) had stenosis of one major coronary ar-
tery, 42 (32%) stenosis of two coronary arteries, and 48
patients (37%) stenosis of all three major coronary arteries.
Gated blood pooled cardiac scintigraphy. Gated equi-
librium radionuclide cineangiography was performed at rest
and during maximal symptom-limited exercise in the supine
position. The left ventricular ejection fraction was deter-
mined by computer analysis of the scintigraphic data, and
regional left ventricular function was assessed subjectively
as previously described (II).
Exercise studies were performed with a bicycle ergom-
eter. Exercise work load was increased by 25 W incre-
ments every 2 minutes until the development of angina or
limiting fatigue or dyspnea. Heart rate and blood pressure
(by sphygmomanometry) were monitored during exercise.
Imaging was begun shortly after the onset of exercise, but
only the portion of the data series obtained during the last
2 minutes of symptom-limited exercise was selected for
analysis.
All antianginal medications were withdrawn before
radionuclide testing. The radionuclide studies were per-
formed at least 48 hours after discontinuation of propranolol,
or calcium channel blocking drugs, and 12 hours after dis-
continuation of long-acting nitrate preparations.
Monitoring procedure. Continuous 24 hour electro-
cardiographic recordings were obtained using a portable
cassette tape recorder and a modified V5 lead either with or
without a simultaneous modified V I lead (Clinical Data,
Inc.). Before monitoring, antianginal medications were dis-
continued as described earlier, and all antiarrhythmic drugs
were stopped for at least five elimination half-lives. The
method of analysis of the 24 hour electrocardiogram
(Stein/Peterson frozen display examination technique) is as
follows. The electrocardiogram is played into a computer
and stored in the disk memory system. The stored data are
presented in a stationary visual display (on a cathode ray
tube) in segments of 2 minutes of electrocardiographic data.
The electrocardiogram may be held on the viewing screen
as long as necessary to permit accurate identification of
arrhythmic sequences and frequency of ectopic events by a
trained observer. At the discretion of the operator, any ab-
normal sequences may be selected for hard copy printout
in standard electrocardiographic format for the purpose of
further examination. When the operator identifies an ar-
rhythmia it is assigned a numerical classification. As each
2 minute sequence is examined and as each arrhythmia
appears, the frequency of single ectopic beats, couplets or
runs of a particular waveshape is counted. The computer
then compiles a listing of the frequency of each arrhythmia
which is verified by the operator.
At the completion of the analysis procedure, the com-
puter tabulates the frequency of single ectopic beats, cou-
plets and runs of a given waveshape and provides a digital
printout of the total number for each hour of a recording.
Reproducibility of the method with regard to the identifi-
cation of the frequency of ectopic beats has been assessed
as ± 4%. Five percent of the electrocardiographic record-
ings are randomly selected and then sampled for quality
assurance.
Grading of ventricular arrhythmia. Premature depo-
larizations and arrhythmias were identified and graded. For
descriptive purposes, the ventricular arrhythmia grading
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Table 1. Coronary Arteriographic and Radionuclide Angiographic Data
High Grade Ventricular Arrhythmias
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Rest ejection fraction (%)
WMA at rest
No, of stenotic coronary
arteries (mean)
Absent
(n = 98)
48 ± II *
43%
1.95
Present
(n = 33)
39 ± 15*
73%
2.36
p Value
0,0003
0,003
0.01
*Mean ± SO. WMA = regional wall motion abnormalities.
system employed was similar to that described by Ryan et
at. (12). Patients were subgrouped into those without high
grade arrhythmias, defined as Lown grades I (isolated pre-
mature ventricular complexes <30/h), II (frequent prema-
ture ventricular complexes :::::30/h), III (multifocal pre-
mature ventricular complexes) and those with high grade
ventricular arrhythmias, which were defined as grades IVa
(couplets), IVb (salvos of three or more premature ventric-
ular complexes) and V (R on T phenomenon).
Coronary artery bypass surgery. After entry into the
study, patients began or continued medical therapy and were
reevaluated routinely by their referring physician and yearly
by the Cardiology Clinic of the National Heart, Lung, and
Blood Institute. No patient with stable symptoms was sub-
sequently referred for operation, However, coronary artery
bypass surgery was recommended if angina pectoris pro-
gressed and became symptomatically limiting despite ther-
apy with beta-adrenergic blocking drugs, long-acting nitrate
preparations and, since 1980, calciumchannel blocking drugs.
Statistical methods. Comparison of coronary arterio-
graphic and radionuclide angiographic data in patients with
and patients without high grade ventricular arrhythmias was
performed using the t test and the chi-square test. Logistic
regression analyses were conducted to explore the joint re-
lation between these variables and the presence of arrhyth-
mias. Cox proportional hazard models were used to inves-
tigate the association of arrhythmias with either death or
increasing angina requiring operation.
Results
High grade arrhythmias were observed in 33 (25%) of
the 131 patients. Patients with these types of ventricular
arrhythmias had a lower rest and exercise ejection fraction,
a greater number of stenotic coronary arteries and a higher
prevalenceof regional wall motion abnormalities at rest than
did patients without such arrhythmias (Table I).
Arrhythmias related to left ventricular function and
extent of coronary disease (Tables 2 and 3). The prev-
alence of high grade ventricular arrhythmias was related
both to ejection fraction and to severity of coronary artery
disease, and was greater in patients with left ventricular
dysfunction and multivessel disease. The joint relation be-
tween severity of coronary disease and rest ejection fraction
was further explored with logistic regression analysis (Table
3), which indicated that both these variables were related
independently to the presence of high grade arrhythmias.
When the same logistic regression was performed with ex-
ercise rather than rest ejection fraction, very similar results
were obtained.
Reversible ischemia and arrhythmias (Tables 4 and
5). As a group, patients with high grade ventricular ar-
rhythmias had a greater prevalenceof reversible myocardial
ischemia, as manifested by a reduction in ejection fraction
during exercise from rest values, compared with patients
without such arrhythmias (79 versus 62%), but this trend
was only marginally significant (p = 0.08). Further explo-
Table 2. Prevalence of High Grade Ventricular Abnormalities by Number of Diseased Vessels
and Rest Ejection Fraction
Number ofStenosed Coronary Arteries
One Two Three
EF <40% EF 2:40% EF <40% EF 2:40% EF <40% EF 2:40%
Prevalence ofhigh grade
arrhythmias (%)
No. ofpatients
p Value
EF = ejection fraction.
II 9
9 32
NS
54 21
13 29
NS
62 23
13 35
< 0.05
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p = 0.04 by chi-square analysis.
Dependent variable = the presence of high grade ventricular arrhyth-
mias: CAD = coronary artery disease: EF = ejection fraction.
Table 3. Logistic Regression Analyses: Arrhythmias Versus
Ejection Fraction and Coronary Artery Disease
Table 4. Influence of Reversible Left Ventricular Dysfunction
on the Prevalence of Ventricular Arrhythmias in Patients With
Reduced Rest Ejection Fraction
Discussion
Ventricular arrhythmias related to ventricular dys-
function and extent of coronary disease. Previous studies
have shown an association between multivessel disease and
high grades of arrhythmias (8). Califf et al. (9) additionally
described the relation between ventricular dysfunction and
arrhythmia. However , these studies did not investigate the
impact of reversible ischemia on the presence and severity
of these arrhythmias. These studies also included many pa-
tients with " progressive angina" and previous myocardial
infarction of unknown duration. Our study was designed to
address the impact of left ventricular function, extent of
coronary artery disease and inducible ischemia on the prev-
alence of ventricular arrhythmias in mildly symptomatic
patients who were without myocardial infarction for at least
6 months before entry.
Our data indicate that in mildly symptomatic patients
with chronic stable coronary artery disease, high grade ven-
tricular arrhythmias are associated with reduced rest and
exercise ejection fraction (Tables I and 3). The prevalence
of high grade ventricular arrhythmias also increased as a
function of the number of stenotic coronary arteries whether
the number of stenosed arteries was considered alone or
together with ejection fraction.
We similarly observed a significant relation between the
presence of rest wall motion abnormalities and high grade
arrhythmias. Our patients were free of rest angina and had
no clinical evidence of recent myocardial infarction. Seg-
mental left ventricular contraction defects were quite com-
mon, however , and probably relate to previous infarction.
Alternatively, some of our patients may have been expe-
riencing chronic rest ischemia that was symptomatically
silent.
Possible role of reversible ischemia. Additional anal-
ysis revealed that the best predictor of high grade arrhyth-
mias was the demonstration of a reduced rest left ventricular
ejection fraction that deteriorated further with exercise. High
grade arrhythmias were present in 59% of such patients,
versus only 23% of patients with a depressed rest ejection
known in 11 8 patients; only 8 of these were maintained on
chronic antiarrhythmic therapy. 4 of whom by our study
were not classified as having high grade arrhythmias. No
deaths occurred in these four patients. Of the four patients
with high grade arrhythmias who were taking antiarrhythmic
drugs, one died suddenly and one died, as indicated, of
cardiogenic shock after a myocardial infarction. Both of
these patients had impaired left ventricular function at rest
(ejection fraction of 32 and 19%. respectively). The other
three sudden deaths occurred in patients with a normal ejec-
tion fraction at rest who were not identified as having high
grade arrhythmias and were not receiving antiarrhythmic
agents.
77
(n = 10)
23
(n = 3 )
Increase ( 'Yo)
Ejection Fraction Response
to Exercise
41
(n = 9)
59
(n = 13)
Decrease ( 'Yo)
Present
Absent
High Grade Arrhythmias
ration by logistic regression confirmed the marginal result.
However, analysis of this relation in patients with a low
ejection fraction at rest did reveal major differences in the
prevalence of high grade arrhythmias when inducible left
ventricular dysfunction occurred . In this subset with a low
rest ejection fraction, high grade arrhythmias were present
in 59% of patients with deterioration of left ventricular func-
tion during exercise, but in only 23% of those patients who
developed no further dysfunction during exercise (p = 0.04)
(Table 4). This relation was not observed in patients with
a normal rest ejection fraction. Separating the subset of
patients with depressed left ventricular function further and
analyzing the occurrence of high grade arrhythmias by num-
ber of diseased vessels, complex arrhythmias were observed
in 67% of patients with two or three vessel disease who
exhibited further deterioration in left ventricular dysfunction
during exercise as compared with only 25% of patients with
single vessel disease who manifest the same findings during
exercise (Table 5).
Long-term follow-up. During the course of the follow-
up period, there were five deaths related to coronary artery
disease during medical therapy (four patients died suddenly
and one patient died from cardiogcnic shock after an acute
myocardial infarction). Seventeen additional patients under-
went coronary bypass surgery because of increasingly severe
angina pectoris. High grade ventricular arrhythmias were
not associated with either death or symptomatic deteriora-
tion by life table analysis. Antiarrhythmic drug status is
Independent Variables ~ p Value
Intercept - 0.03
CAD severity 0.62 0.026
Rest Ef - 0.054 0.0 15
Intercept 0.23
CAD severity 0.48 0.08
Exercise EF - 0.06 O.(X){)9
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Table 5. Influence of Coronary Anatomy. Left Ventricular Function and Exercise Response on
Prevalence of High Grade Ventricular Arrhythmias
Number of Stenosed Coronary Arteries
EF Response to Exercise One Two Three
All patients
Increase (% ) 5 25 20
( n = I ll ) (n = 16) (n = 10)
Decrease (%) 13 35 37
(n = 23) (n = 26) tn = 38)
Patients with rest EF > 40%
Increase (%) 8 25 0
(n = 13) (n = 12) (n = 6)
Decrease (%) II III 28
(n = 19) (n = 17) (n = 29)
Patients with rest EF < 40%
Increase (%) 0 25 50
(n = 5) (n = 4) (n = 4)
Decrease (% ) 25 67 67
(n = 4) (n = 9) (n = 9)
Percentages represent prevalence of highgrade ventricular arrhythmias within each subgroup. EF = ejection
fraction.
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fraction that did not deteriorate with exercise. The increased
prevalence of high grade arrhythmias, observed in patients
with a low rest ejection fraction who manifest reversible
worsening of left ventricular function during exercise, seemed
to be confi ned to patients with multivessel disease, although
the number of patients in the subset with single vessel dis-
ease was too small for meaningful statistical analysis. The
association between high grade arrhythmias and exercise-
induced left ventricular dysfunction was not observed in the
patients with normal left ventricular ejection fraction at rest.
The mechanism responsible fo r a fall in ejection fra ction
in patients with evidence of rest ieft ventricular dysfunction
is probably multifactorial. There may be sufficient viable
myocardium supplied by narrowed coronary arteries so that
ischemia develops with exercise, resulting in further dete-
rioration in left ventricular function. In this instance, high
grade ventricular arrhythmias might be caused, at least in
part, by the inducible ischemia. Alternatively, the further
deterioration in left ventricular function may bedue to changes
in loading factors acting on a ventricle with limited con-
tractile reserve. The presence of high grade arrhythmias may
therefore reflect the more extensive left ventricular damage
implied by this response to stress.
A number of studies have attempted to examine the as-
sociation of reversible ischemia with arrhythmias in coro-
nary artery disease . Many reports. including the Coronary
Artery Surgery Study (13-16), have shown a higher prev-
alence of exercise-induced ventricular arrhythmias in pa-
tients expected to have a greater degree of reversible isch-
emia (multivessel disease or lower ejection fraction. or both).
but these arrhythmias did not correlate with mortality. In a
series of 446 patients reported by Weiner et al. (17), patients
with exercise-induced ventricular arrhythmias had a greater
likelihood of three vessel or left main coronary disease,
lower rest ejection fraction, more severe wall motion ab-
normalities and a greater prevalence of ischemic ST depres-
sion with exercise than did patients without arrhythmias.
Repeat exercise testing in 22 patients with exercise-induced
arrhythmias after bypass surgery showed that persistence of
the arrhythmias correlated with either severe wall motion
abnormalities or persistence of an ischemic ST response at
exercise. From these data it is not possible to assess which
factor. persistent ischemia or abnormal left ventricular func-
tion. was more strongly associated with the arrhythmias
during exercise. and the etiologic role ofreversible ischemia
in the genesis of ventricular arrhythmias remains unclear.
Relation of high grade arrhythmias to prognosis. Our
data do not indicate that arrhythmias provide important pre-
dictive information in patients with chronic mild angina
pectoris. In the more acute postinfarction setting, arrhyth-
mias have been shown to relate to subsequent survival (5,6).
Bigger and Weld (7) reported a group of 400 patients
undergoing 24 hour ambulatory monitoring 10 to 20 days
after myocardial infarction. Patients were followed up an
average of 30 months, and those patients with Lown grades
4B and 5 ventricular arrhythmias had a much higher mor-
tality rate (29 to 33%) than those patients with grades 0
through 4A (11 to 20%). The lack of correlation between
the occurrence of arrhythmias and time to an event (defi ned
as surgery or death) in the current study may be related to
several factors. First, because of the relatively good health
of this population, there were only fi ve deaths and 17 sur-
gical events, so that the analysis had little statistical power.
Second. sudden death occurred in three patients without
malignant arrhythmias on ambulatory monitoring. These
three patients had triple vessel disease and evidence of re-
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versible myocardial ischemiaon exercise testing, a situation
that may identify an acute ischemic event rather than the
presence or absence of chronic ventricular arrhythmias as
the major risk factor for sudden death (18).
Conclusion. Our data show that high grade ventricular
arrhythmias are more prevalent in mildly symptomatic pa-
tients in subsets with moreextensivecoronary arterydisease
and with greater impairment of left ventricular function . An
important determinant of arrhythmias in patients with dys-
function at rest is reversible deterioration in left ventricular
function with exercise. In these minimally symptomatic pa-
tients with chronic stable disease, ventricular arrhythmias
apparently do not carry the same prognostic implications
they carry in patients with a recent myocardial infarction
(5-7) or more severely symptomatic patients (9). A defin-
itiveassessmentof this issuewouldrequirea far largergroup
of study patients.
We thank Imogene Surrey for preparing the manuscript and William Schenke
for editorial assistance.
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